Objective: Finding the correlation between mandibular trabeculae bone density on panoramic radiograph and body mass index of men aged 5-35 years old. Material and Methods: The population of this study was male patients aged 5-35 years old who performed panoramic radiography at Radiology Installation of Faculty of Dentistry at Dental Hospital Padjadjaran University (UNPAD) with a total of 62 samples. ImageJ software was used to calculate the bone density and BMI values were calculated using the BMI formula. Results: The score of body mass index increased with age meanwhile the score of mandibular trabeculae bone density decreased.
Introduction
Body Mass Index (BMI) is an index of height and weight relationships commonly used to classify overweight and underweight conditions. BMI is calculated by the weight (kg) divided by squared height in meters (m 2 ).
1
Bone mass is the weight of bone substance per unit of external volume. Approximately, the content of bone is 50-70% mineral that is largely hydroxyapatite, therefore, bone mass is also called bone density or Bone Mineral Density (BMD). One of the most affected bone mineral density from body mass index is the vertebral bone mineral density. Research showed a significant correlation between height, weight and BMI with the development and posture of spinal bone.
2
The correlation between bone mass density of the mandible and the skeletal bone had been extensively investigated and most of them show there were correlations between the density of both bones.
3
The bone mass density of the mandible could be observed from the cortical or trabecular regions. The area chosen for this study was the trabeculae because of its rapid response to metabolic changes.
The relationship between mandibular bone density and BMI is controversial, as some studies suggested that the relationship between both are minimal or nonexistent, whereas some studies suggested that both are interconnected.
The purpose of this study was to determine the correlation between mandibular trabeculae bone density and BMI.
Material and Methods
The researchers will focus on the mandibular trabeculae bone density and body mass index of men aged 5-35 years old. Men were chosen based on the few studies involving mandibular bone density in men. The size of the mandible as a whole increases during growth during puberty 4 and continues to increase until peak growth period by the age of 35. 5 Body mass index will continue to increase throughout childhood and adolescence.
6
Researchers used panoramic radiology to observe the condition of mandibular trabeculae bone density. Panoramic radiographs have been widely used to obtain a comprehensive picture of the structure of the maxillofacial complex.
7 Some qualitative and quantitative indices, such as the mandibular cortical index, mandibular cortical thickness or mandibular panoramic index, use panoramic radiograph to assess the bone quality.
8
This study uses primary data in the form of panoramic radiographs. The population and sample of this study is male patients aged 5-35 years old who have done Dental Hospital Padjajaran University Panoramic Radiography at Dental Radiology Installation between January and February 2018.
The inclusion criteria were mongoloid Indonesian, good quality panoramic radiographs and good quality mental foramen area. The exclusion criteria were panoramic radiographs with lesions in the region of interest (mental region), panoramic radiographs of mental foramen superimposed with hyoid bone image and panoramic radiographs Department of Radiology, Faculty of Dentistry, Padjadjaran University, Bandung, Indonesia
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showing fractures in the area of the mental foramen.
The trabecular density of the mandible was measured using ImageJ software, by measuring the trabecular patterns of panoramic radiographs. The procedures were selecting the Region of Interest (ROI) by using a rectangle tool with a size of 5 x 5 mm in the central area of foramen mental, cropping the selected area figure 1, blurring the image using Gaussian blur with 2.00 sigma, subtracting the original image with the blurred image, adding value of 128 then multiply by 1, converting the image into binary image, eroding and dilating the image sequentially by two times, converting the binary image into outline figure  2 , and analyzing the image with analyze particle. The percentage (%) of the image was the particle of trabecula.
The body mass index was calculated using a stature meter to measure the height and a weight scale to measure the subject's weight. The body mass index was measured by dividing the body weight in kilograms by the height squared in meters (kg/m 2 ).
Results
There were 62 samples in this study. The samples are divided into age groups according to Indonesia Minister of Health in 2009. The age groups are ages 5-11, ages 12-16, ages 17-25, and ages 26-35. Based on table 1, the number of samples in each age group can be seen. All age groups had an average of lower trabecular density in the right side compared to the left side. This was caused by the habit of chewing on one side resulting in different density of the mandibular trabecula on both sides. The dominant side of the jaw will have a higher density than the non-dominant side. The average BMI score of all age groups was 20.18 kg/m 2 and the mean score of the mandibular trabecula density of all age groups was 22.23%.
Based on figure 3 , we can see the mean of mandibular trabeculae bone density and body mass index for each age group. The BMI scores of the 5-11 age group, 12-16 age group, and the 17-25 age group increased with age. The BMI scores of the 26-35 age group decreased. The mean of mandibular trabeculae bone density decreased from the 5-11 age group to the 26-35 age group.
Based on table 2, we can see the correlation value of BMI and mandibular trabeculae bone density calculated using pearson correlation analysis. The correlation value (r -value) was -0.341. The p-value value of this research was 0.003.
Discussion
The results of this study showed mandibular trabeculae bone density decreased with increasing age. This was caused by several factors, such as reduced activity, reduced function of the mandible and reduced steroid hormone. Some other factors such as lifestyle, smoking, and alcohol consumption may also affect the decrease in bone density.
9
BMI scores increased in the 5-11 age group until the 12-16 age group. This result matched Malina's study in 1999 and Stang and Story's research in 2005. Children gained weight by 2-3 kg per year when they were around 6-10 years. 10 Teenagers gained weight by 7-30 kg during puberty.
11 There
Figure 1 Selecting ROI

Figure 2
Converting ROI image into outline Figure 3 Mean score of mandibular trabeculae bone density and body mass index per age group was a significant increase in the 17-25 age group. There were samples with BMI score above 35 in the 17-25 age group. Ages 17-25 years old were very susceptible to weight gain. This was due to several factors such as lifestyle, stress, physical activity and socioeconomic conditions. Decrease in BMI scores was seen at the age of 26-35 years. This is due to overweight samples with high BMI score in the age group of 17-25 years, thus causing the average score of BMI in the 17-25 age group very high. The results of this study matched the results of Iwaniec and Turner's research in 2014, which stated that people with high BMI values have a higher risk of fracture and thus, reduced bone quality. Some obese men and women have low BMD and not all studies showed that obesity could protect us against fracture.
12 Obesity was associated with the increased levels of pancreatic hormones such as insulin, amylin and bone-anabolic preptin.
13
The results of the study revealed subjects with high BMI scores have high mandibular bone density scores. These differences were influenced by several things. The sample in this study focused on men aged 5-35 years, studies focused on the elderly sample with the age range of 52-86 years, and the sample consisted of men and women.
There were 23 samples belonging to the under weight category and 7 samples belonging to over weight category. The number of samples that fell under category of underweight and overweight caused outliers data. These outliers caused abnormal research results.
Conclusion
There was no correlation between mandibular trabeculae bone density on panoramic radiograph and body mass index of men aged 5-35 years old. BMI scores increased and mandibular trabeculae bone density decreased as the age group increased.
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